The clinical behavior and optimal treatment of relapsing and recurrent peritonitis episodes in patients undergoing long-term peritoneal dialysis are poorly understood.
P
eritonitis is a serious complication of peritoneal dialysis (PD) and probably the most common cause of technique failure in PD. [1] [2] [3] [4] [5] In the United States, 18% of the infection-related mortality in PD patients is the result of peritonitis. 6 Although less than 4% of peritonitis episodes result in death, 7 peritonitis is a "contributing factor" to death in 16% of deaths in patients on PD therapy. 8 In Hong Kong, peritonitis is the direct cause of death in more than 16% of PD patients. 9 In the latest recommendations for the management of PD-related infections published by the International Society for Peritoneal Dialysis (ISPD) in 2005, 10 2 similar terms, relapsing and recurrent peritonitis, are defined differently. In essence, peritonitis that is treated with appropriate antibiotic therapy, appears to resolve, and yet returns with the same organism or as sterile peritonitis within 4 weeks (relapsing) is different from an episode of peritonitis that occurs within 4 weeks of a prior episode, but with a different organism (defined as recurrent). 10 The choice of terms and a difference in definition are meant to have clinical implication. Theoretically, antimi-crobial resistance may develop during the treatment, resulting in early relapse with an identical species, but with a different susceptibility pattern, after completion of the treatment. Alternatively, the source of the relapse may be the catheter through either biofilm or tunnel infection. Therefore, for relapsing peritonitis, most experts in the field would recommend catheter removal unless the susceptibility pattern of the organism has changed, indicating that additional antibiotic therapy may be warranted. However, in recurrent peritonitis, the patient's immunity may be impaired by the first episode, leading in some cases to an episode of peritonitis from a completely different organism, implying a different cause. 10 These episodes frequently can be treated successfully without catheter removal.
Unfortunately, this definition could be confusing because the 2 terms were often used interchangeably before publication of the 2005 ISPD recommendation.
11 Although the differentiation between relapsing and recurrent peritonitis episodes logically is sound, there has been no published evidence to support this approach. In the present study, we review clinical outcomes of relapsing and recurrent peritonitis in a large cohort of PD patients.
METHODS

Patients
All PD patients treated at our center gave written consent for reviewing their clinical data when they entered the dialysis program. All episodes of PD peritonitis in our unit from 1994 to 2007 were reviewed. Data were collected by reviewing the Hong Kong Renal Registry database and hospital records of individual patients by the investigators. The diagnosis of peritonitis was based on at least 2 of the followings conditions 12,13 : (1) abdominal pain or cloudy peritoneal dialysis effluent (PDE); (2) leukocytosis in PDE (white blood cell count Ͼ 100 cells/mL); and (3) positive Gram stain or culture results from PDE. Episodes with peritoneal eosinophilia, but negative bacterial culture results, were excluded. Exit-site infection was diagnosed when there was purulent drainage with or without erythema from the exit site.
14 In this study, relapsing peritonitis was defined as an episode with either the same organism or a negative culture result that occurs within 4 weeks of completion of therapy of a prior episode. 10 Recurrent peritonitis was defined as an episode that occurs within 4 weeks of completion of therapy of a prior episode, but with a different organism. 10 In the 14 years of the study, 2,390 episodes of peritonitis were recorded; 240 episodes (10.0%) were relapsing peritonitis in 157 patients, whereas 189 (7.9%) were recurrent peritonitis in 125 patients. To avoid complex analysis that accounts for multiple events, we included the first episode from each individual for statistical analysis. Demographic characteristics, underlying medical conditions, previous peritonitis episodes, antibiotic regimen for the peritonitis episode, catheter removal, and clinical outcome were examined.
Microbiological Investigations
Bacterial culture of PDE was performed using BacTAlert bottles (Organon Teknika Corp, Durham, NC). Species identification was performed by using the API 20E identification system (BioMerieux, Marcy l'Etolie, France). Antibiotic sensitivity was determined by using the disc-diffusion method according to the National Committee for Clinical Laboratory Standard.
15
Clinical Management
As described previously, [16] [17] [18] [19] peritonitis episodes were treated by using the standard antibiotic protocol used by our center at that time, which was changed systemically over time (Table 1) . Initial antibiotic regimens for peritonitis generally were intraperitoneal administration of a third-or fourth-generation cephalosporin plus or minus intermittent vancomycin every 5 days or cefazolin as continuous administration plus an aminoglycoside or ceftazidime.
5 Vancomycin and cefazolin dosages followed the contemporary guidelines. 10 During the review period, 2 clinical trials of peritonitis monotherapy using cefepime and imipenem/cilastatin were conducted in our center 18, 19 ; 281 episodes in this review therefore were treated initially with monotherapy. Antibiotic regimens for individual patients were modified when culture results were available. Cefazolin ϩ ceftazidime *All antibiotics were administered intraperitoneally unless the patient had features of systemic sepsis. Imipenem/ cilastatin and all cephalosporins were administered continuously; vancomycin and aminoglycosides were administered intermittently.
†Randomized controlled trial comparing the 2 protocols.
Primary response was defined as resolution of abdominal pain, clearing of dialysate, and PDE neutrophil count less than 100 cells/mL on day 10 by using antibiotics alone. Complete cure was defined as complete resolution of peritonitis by using antibiotics alone without relapse or recurrence within 4 weeks of completion of therapy. In general, patients received the effective antibiotic for 14 days, whereas the effective antibiotic would be continued for a total of 21 days for episodes caused by Staphylococcus aureus or Pseudomonas species.
17,20 When the PDE did not clear up after 5 days of effective antibiotic therapy, the Tenckhoff catheter was removed irrespective of the in vitro sensitivity of the bacterial strain, and effective antibiotic therapy was continued for another 2 weeks.
Tenckhoff catheters were removed and patients were put on temporary hemodialysis therapy when peritonitis failed to resolve by using antibiotics. Tenckhoff catheter reinsertion was attempted in all cases. In our locality, as described in our previous study, 4 patients were switched to long-term hemodialysis therapy only when attempts at Tenckhoff catheter reinsertion failed because of peritoneal adhesion or there was ultrafiltration failure caused by peritoneal sclerosis. All patients were followed up for at least 3 months after their treatment completed. Patient mortality was defined as death from any cause during antibiotic treatment (generally 2 to 3 weeks, depending on the specific organism) or temporary hemodialysis therapy (generally 4 weeks after catheter removal).
Statistical Analysis
Statistical analysis was performed using SPSS (SPSS Inc, Chicago, IL) for Windows (Microsoft Corp, Redmond, WA) software, version 15.0. All data are expressed as mean Ϯ SD unless otherwise specified. Baseline data were compared by using 2 test, Fisher exact test, Student t test, or 1-way analysis of variance, as appropriate. Clinical outcomes were compared among groups and choices of empirical antibiotic treatment by using logistic regression to adjust for the effect of age and Charlson Comorbidity Index score, which were significantly different among groups. Interactions between concomitant exit-site infection and patient group and between the causative organism of the previous peritonitis episode and choice of empirical antibiotic treatment on clinical outcome also were tested by using logistic regression models. Post hoc analysis was performed by using 2 test; P values were adjusted by using the Bonferroni method to allow for the effect of multiple comparisons. P Ͻ 0.05 is considered significant. All probabilities were 2 tailed.
RESULTS
From 1994 to 2007, a total of 2,390 episodes of PD-related peritonitis were recorded in our unit. The overall peritonitis rate was 1 episode/ 20.9 patient-months of follow-up. We analyzed 157 episodes of relapsing peritonitis, 125 episodes of recurrent peritonitis, and 764 control episodes. Baseline clinical characteristics of patients at the time of peritonitis are compared among groups and listed in Table 2 . Patients with relapsing peritonitis were significantly younger (1-way analysis of variance, P ϭ 0.005) and had a significantly lower Charlson Comorbidity Index score (P ϭ 0.006) compared with the other 2 groups. There was no significant difference in baseline clinical data between patients in the recurrent and control groups. 
Causative Organism
Microbiological causes of the second episodes of peritonitis are listed in Table 3 . There was a significant difference in the distribution of causative organisms among groups (overall 2 test, P Ͻ 0.001). Specifically, compared with the control group, there was a trend to a greater percentage of peritonitis episodes in the relapsing group that were caused by Pseudomonas species and that were culture negative, whereas the proportion of episodes caused by S aureus was slightly lower (Table 3 ). In contrast, in the recurrent group, there was a trend to a greater percentage of peritonitis episodes that were caused by Enterococcus species and Gramnegative organisms and that had mixed bacterial growth (Table 3) .
Concomitant exit-site infections were present in 10.2%, 10.4%, and 14.1% of the relapsing, recurrent, and control groups, respectively (P ϭ 0.3); exit-site infections with the same organism as the peritonitis episode were present in 7.0%, 4.0%, and 9.3% of the relapsing, recurrent and control groups, respectively (P ϭ 0.1). In either case, the incidence was not different among patient groups.
Clinical Response
Major clinical outcomes are shown in Fig 1. After adjusting for patient age and Charlson comorbidity score, there were significant differences in primary response, complete cure, and mortality rates among groups (P Ͻ 0.001 for all comparisons), whereas the catheter removal rate was not significantly different among groups. On further post hoc analysis, the recurrent group had a significantly lower primary response rate (71.2% versus 86.4%; P Ͻ 0.001), lower complete cure rate (42.4% versus 72.3%; P Ͻ 0.001), and higher mortality rate (20.8% versus 7.7%; P Ͻ 0.001) than the control group; as well as a lower primary response rate (71.2% versus 88.5%; P Ͻ 0.001), lower complete cure rate (42.4% versus 62.4%; P ϭ 0.003), and higher mortality rate (20.8% versus 7.0%; P ϭ 0.002) than the relapsing group (Fig 1) . There were no significant differences in primary response, catheter removal, or mortality rates between the relapsing and control groups. However, the relapsing group had a slightly, but significantly, lower complete cure rate than the control group (62.4% versus 72.3%; P ϭ 0.04).
We also found a significant interaction between the effects of concomitant exit-site infec- 
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tion and patient group on mortality. Subgroup analysis showed that in patients without exit-site infection, the mortality rate in the recurrent group (22.3%) was significantly greater than those for the control and relapsing groups (8.1% and 5.7%, respectively; P Ͻ 0.001 for either compared with the recurrent group; Fig 2) . In contrast, for patients with concomitant exit-site infection, the relapsing group had a marginally greater mortality rate than the control group (18.8% versus 5.6%; P ϭ 0.2); however, the result was not statistically significant. There were no interactions between the effects of concomitant exit-site infection and patient group on primary response, complete cure, and catheter removal rates (details not shown).
Choice of Antibiotics
Because relapsing and recurrent peritonitis episodes could not be differentiated at their initial presentation, we examined the effect of choice of empirical antibiotic therapy on clinical outcome for both conditions as a group. The result is shown in Fig 3. After adjusting for age and Charlson comorbidity score, empirical use of vancomycin as Gram-positive coverage compared with cefazolin was associated with a significantly higher primary response rate (87.9% versus 72.7%; P ϭ 0.003), significantly lower mortality rate (6.8% versus 20.0%; P ϭ 0.002), and marginally lower catheter removal rate (6.1% versus 12.7%; P ϭ 0.07), although the latter did not reach statistical significance (Fig 3) . However, complete cure rates were similar between patients treated with vancomycin and cefazolin (56.1% versus 49.1%; P ϭ 0.3). After adjusting for age and Charlson comorbidity score, empirical use of ceftazidime as Gram-negative coverage compared with an aminoglycoside (either netilmicin or gentamicin) was associated with a significantly higher primary response rate (82.3% versus 62.5%; P ϭ 0.02), significantly lower cath- eter removal rate (7.5% versus 25.0%; P ϭ 0.006), higher complete cure rate (54.3% versus 41.7%; P ϭ 0.06), and lower mortality rate (11.8% versus 25.0%; P ϭ 0.07), although the latter 2 comparisons did not reach statistical significance (Fig 3) .
We further tested the interaction between choice of initial empirical antibiotics and the causative organism of the previous peritonitis episode on clinical outcome. In brief, there was a significant interaction between empirical Gram-positive antibiotic coverage and causative organism of the previous peritonitis episode on primary response rate (P ϭ 0.05) and rate of catheter removal (P ϭ 0.04) after adjusting for 4 comparisons by using the Bonferroni method. Subgroup analysis showed that the benefit of vancomycin is confined largely to patients whose previous peritonitis episode was caused by Gram-positive organisms (Fig 4) , in which case empirical vancomycin had a significantly higher primary response rate (96.1% versus 70.6%; P Ͻ 0.001) and significantly lower catheter removal rate (2.0% versus 17.6%; P ϭ 0.01) than cefazolin treatment. The causative organism of the previous peritonitis episode did not have a significant interaction with choice of antibiotic coverage for Grampositive organisms on the complete cure or mortality rate and did not have a significant interaction with choice of antibiotic coverage for Gram-negative organisms on any clinical outcome (details not shown).
DISCUSSION
In this retrospective study, we show that relapsing peritonitis commonly is caused by coagulasenegative Staphylococcus and Pseudomonas species, whereas recurrent peritonitis often is caused by non-Pseudomonas Gram-negative organisms and mixed bacterial growth. Our findings suggest that relapsing and recurrent peritonitis are 2 distinct clinical entities and provide support to the current terminology proposed in the ISPD recommendation. 10 Because recurrent peritonitis often is caused by non-Pseudomonas Gramnegative organisms and mixed bacterial growth, the underlying bowel pathological state may be an important, but unrecognized, cause of recurrent peritonitis episodes. However, recent antibiotic therapy may disturb gastrointestinal flora and provoke transmural migration of bowel organisms to the peritoneal cavity.
21
In the present study, we show that recurrent peritonitis episodes had the worst primary response rate, greatest incidence of catheter removal, and greatest mortality. The clinical outcome of relapsing and recurrent episodes is contrary to what is traditionally believed. Specifically, it generally is believed that relapsing episodes are more severe than recurrent ones 11 ; Figure 4 . Effect of the causative organism of the previous peritonitis episode on (A) primary response rate and (B) rate of catheter removal in relation to the choice of initial antibiotic coverage for Gram-positive organisms. most experts would recommend catheter removal for relapsing peritonitis, whereas recurrent peritonitis frequently is treated without catheter removal.
11 It certainly is possible that peritonitis episodes that are prone to relapse (ie, S aureus and Pseudomonas species) are more aggressively treated nowadays compared with 10 or 15 years ago, and the clinical behavior of relapsing peritonitis episodes under the contemporary treatment guideline may be different from that observed in patients treated a decade or more ago. However, to the best of our knowledge, there are no published reports comparing clinical characteristics and therapeutic responses between relapsing and recurrent peritonitis episodes.
It is unexpected to find that concomitant exitsite infection had very little impact on clinical outcome. We are not sure of the reason for this phenomenon. It is possible that prescription of antibiotics is liberal in Hong Kong, and most catheter infections are treated aggressively. However, it also is possible that most bacterial biofilm that causes relapsing peritonitis comes from the catheter lumen without overt exit-site infection.
We found that for patients who present with relapsing or recurrent peritonitis, vancomycin is superior to cefazolin as empirical antibiotic treatment, especially in patients with a previous peritonitis episode caused by Gram-positive organisms. The result is consistent with our previous studies 17, 22, 23 and other reports 24, 25 : the risk of having a methicillin-resistant isolate is increased substantially in patients with recent antibiotic therapy. We also observed that ceftazidime has certain advantage over an aminoglycoside as empirical treatment in patients with a previous peritonitis episode caused by Gram-negative organisms. The finding is consistent with our previous observation in Pseudomonas peritonitis, 20 which is particularly prone to relapse. We are not sure why aminoglycosides have an inferior treatment response, but it seems possible that the currently recommended dose of netilmicin or gentamicin could not achieve therapeutic plasma levels, especially in patients with substantial residual renal function, and therefore has minimal systemic bactericidal activity.
There are a number of limitations to our present study. Although the sample size seems large, results are retrospective and uncontrolled. For the effect of empirical antibiotic therapy on clinical outcome, we could not exclude the possibility of selection bias (although Ͼ 90% of episodes were managed according to a predefined protocol). Our result also does not exclude the possibility that with prolonged used of a certain antibiotic as empirical therapy, the pattern of antibiotic resistance would change, so that the satisfactory response initially observed would not be sustained. In theory, there could be a periodic variation in the pattern of bacteriological cause of peritonitis in our center that may confound the response to antibiotic. Nonetheless, our previous study showed that the change in bacteriological pattern was somewhat irregular, 5 and systemic bias therefore is unlikely. Second, we did not analyze the interaction between antibiotic resistance and choice of empirical therapy because the sample size of each group would be small. Similar analyses had been performed in our previous reports on peritonitis caused by S aureus, 17 coagulase-negative Staphylococcus species, 23 and Enterobacteriaceae species 16 ; however, all of them did not distinguish relapsing, recurrent, and de novo episodes. Because prophylactic antibiotic protocols are not used in our center (except for mupirocin ointment for nasal carriers of S aureus and gentamicin cream for exit-site infection), our study could not provide information about the efficacy of various prophylactic protocols in reducing the risk of peritonitis.
Finally, we performed a considerable number of statistical comparisons, with the goal of generating hypotheses. Although P values are adjusted for multiple comparisons, type I statistical error remains possible. Additional studies are needed to confirm our observations. Given the possibility of a bowel origin that caused recurrent peritonitis episodes, it would be particularly interesting to test whether there is a beneficial effect of bowel decontamination for the prevention of recurrent peritonitis. Our previous study of Enterobacteriaceae peritonitis showed that treatment with 2 antibiotics compared with monotherapy may reduce the risk of relapse and recurrence. 16 It is unknown whether empirical coverage with 2 antibiotics (for example, ceftazidime plus an aminoglycoside) would result in a superior outcome in patients who present with cloudy PDE soon after completing treatment for an Enterobacteriaceae peritonitis episode. In this study, we included each individual only once for statistical analysis to avoid complex analysis that accounts for multiple events. However, the result of analysis would be similar if all episodes were included (details not shown).
Despite the limitations, one advantage of this study is that it is from a single center, meaning that data are more complete and accuracy could be checked more readily compared with registry data. Realistically, large adequately powered studies of PD peritonitis are unlikely to be done, and clinical practice must rely heavily on large retrospective studies. In addition, our result provides important insight about the clinical management of peritonitis. Specifically, in patients who develop cloudy PDE soon after completing treatment for Gram-positive peritonitis, vancomycin would be a better choice of empirical antibiotic coverage than cefazolin, at least until information about antibiotic sensitivity is available. Similarly, in those who had a recent Gram-negative peritonitis episode, ceftazidime seems a better empirical treatment than an aminoglycoside. This policy would have an additional advantage of avoiding repeated exposure to aminoglycosides, with potential ototoxicity and vestibular toxicity. More importantly, recurrent peritonitis episodes had a poor therapeutic response and high mortality; they deserve a treatment equally, if not more, aggressive as for relapsing episodes.
In summary, we show that relapsing and recurrent peritonitis episodes are caused by a different spectrum of bacteria and probably represent 2 distinct clinical entities. Recurrent peritonitis episodes had a lower primary response rate, more catheter removal, and greater mortality than relapsing and control episodes. Our findings suggest that for patients who present with relapsing or recurrent peritonitis, vancomycin and ceftazidime as the empirical treatment are associated with a better outcome than cefazolin and an aminoglycoside, respectively.
